To determine the cognitive effects of long-term dietary soy isoflavones in a daily dose comparable to that of traditional Asian diets.
products are suggested as a treatment option for menopausal vasomotor symptoms. 5, 6 Soy isoflavones may also benefit cognitive health in postmenopausal women, but evidence from adequately powered clinical trials is lacking. Improved cognition is reported in some clinical trials 7-10 but not others. [11] [12] [13] [14] [15] Cognitive benefit is possibly restricted to younger postmenopausal women 6 or to specific cognitive domains. 9 Adverse outcomes are occasionally described, 13 and observational findings raise concern of cognitive harm. 16, 17 Given widespread interests in soy products among postmenopausal women 5, 6 and controversial findings on cognitive function, [7] [8] [9] [10] [11] [12] [13] [14] [15] we sought to examine the long-term cognitive efficacy of soy isoflavones in the Women's Isoflavone Soy Health (WISH) trial. This study of healthy midlife and older women was designed to assess the effects of dietary supplementation with isoflavone-rich soy protein (ISP) containing naturally occurring isoflavones in quantities within the upper range of traditional Asian diets. 3, 4 The primary WISH trial endpoint was the effect of ISP compared with placebo on progression of subclinical atherosclerosis. 18 A secondary endpoint, reported here, was the ISP effect on cognitive change. METHODS Design. Between June 2004 and July 2008, we conducted a randomized, double-blind, parallel-group, controlled trial of daily soy isoflavone supplements or matched placebo. Interventions occurred on the Health Sciences Campus of the University of Southern California, Los Angeles. Our primary research question assessed by Class I evidence was whether longterm ISP supplements improve global cognition among healthy postmenopausal women. Secondary research questions assessed by Class II evidence concerned long-term effects on specific cognitive domains and on global cognition in specific subgroups of women. We hypothesized that ISP improves episodic memory (because of high estrogen receptor-␤ concentrations in the hippocampus 19, 20 ) and executive functions [7] [8] [9] and improves global cognition among younger women closer in time to menopause 6 and among consistent producers of equol, an isoflavone metabolite. 21 We had no specific predictions regarding other cognitive domains or subgroups defined by menopausal status 22 or vasomotor symptoms. 23 Standard protocol approvals, registrations, and participant consents. The WISH study was approved by institutional review boards of the University of Southern California and Stanford University. Participants provided written informed consent before study-related procedures were performed. The protocol is registered at ClinicalTrials.gov, identifier number NCT00118846.
Participants. Eligible participants were healthy postmenopausal women. Postmenopausal status was based on a serum level of total estradiol Ͻ20 pg/mL and absence of vaginal bleeding for at least 1 year (natural menopause) or bilateral oophorectomy at least 1 year before enrollment (surgical menopause). Exclusion criteria included use of menopausal hormone therapy or isoflavone dietary supplements during the preceding month, history or signs of cardiovascular disease, history of diabetes mellitus or fasting serum glucose Ͼ126 mg/dL, triglyceridemia, uncontrolled hypertension, untreated thyroid disease, renal insufficiency, alcohol or substance abuse, life-threatening disease, or inability to participate in outcome assessments. 18 Demographic information, reproductive history, and medication and nutraceutical use were obtained by structured questionnaires. Women recorded in a diary the number of daily hot flashes and rated their intensity as mild, moderate, or severe 24 (median duration of recording ϭ 31 days, SD 3.0). Body mass index (kg/m 2 ) was calculated from measured weight and height.
Randomization, masking, and interventions. Assignment
to treatment group in a 1:1 ratio used blocked randomization (masked block size of 4) within 2 strata of carotid artery intima-media thickness, assessed by high-resolution B-mode ultrasonography as described previously. 18 The computer-generated randomization sequence (SAS statistical software) was prepared before trial initiation by a statistician. For each stratum defined by carotid artery intima-media thickness, the randomization list included a unique randomly assigned product identification number and the allocation code (ISP or placebo). The database link between product identification number and allocated treatment was unavailable to other study staff. Packets of blinded study product were prepared based on the randomization list. Upon determination of trial eligibility for a given participant, clinic staff pulled the next packet in sequence from the appropriate stratum and recorded the product identification number. Apart from the single unblinded statistician, all participants, investigators, staff, and data monitors were masked to group assignment.
Participants were assigned to a total daily dose of 25 g ISP or to milk proteinϪmatched placebo (0 mg isoflavones) offered in powder or bar form (Solae LLC, St. Louis, MO). ISP and placebo product were identical in appearance and taste. ISP contained 91 mg aglycone weight isoflavones (154 mg total isoflavone equivalents) composed of genistein (52 mg aglycone equivalents), daidzein (36 mg aglycone equivalents), and glycitein (3 mg aglycone equivalents). Protein, isoflavone, and select vitamin and mineral contents were determined by analytical testing before release to ensure target levels for macronutrients and micronutrients. Clinic visits occurred every month for the first 6 months and every 2 months thereafter, for a planned treatment period of 2.5 years. The study dietician instructed women not to consume soy supplements, but participants were not otherwise asked to alter usual dietary habits.
Outcomes and follow-up.
A comprehensive neuropsychological battery (table e-1 on the Neurology ® Web site at www.neurology.org) assessed a broad spectrum of cognitive skills, emphasizing standardized tests sensitive to age-associated change in middle-aged and older adults. Cognitive ability was estimated at baseline with the Wechsler Test of Adult Reading. 25 Mood was assessed with the Center for Epidemiologic Studies-Depression scale. 26 The battery was administered in a fixed order; the median baseline completion time was 70 minutes (interquartile range 63-76 minutes).
The primary outcome was change in global cognition compared between treatment groups, evaluated at baseline and after 2.5 years. Planned secondary analyses included cognitive factors and individual test scores. Subgroup analyses examined treatment group differences on global cognition based on age (Ͻ60 years or Ն60 years), time since menopause (Ͻ5 years, 5-10 years, or Ͼ10 years), menopause type (natural or surgical), baseline vasomotor symptoms (any or none), and equol producer status (nonproducer, intermittent producer, or consistent producer). At each trial visit, unused portions of the study product and the amount consumed were determined; adherence was calculated as amount consumed divided by amount that should have been consumed.
As ancillary measures of adherence, plasma and urinary genistein, daidzein, glycitein, and equol were quantified at baseline and at 6-month intervals, using high-pressure liquid chromatography with isotope dilution electrospray ionization (negative mode) tandem mass spectroscopy. 27 For ISP recipients, equol producer status was defined by plasma equol levels at postrandomization visits: nonproducer, equol level never Ͼ20 nmol/L; intermittent producer, equol level Ͼ20 nmol/L at some visits; or consistent producer, equol level Ͼ20 nmol/L at all visits.
Statistical analysis.
Sample size estimates based on the primary outcome of progression of carotid intima-media thickness required randomization of 300 women to detect a treatment effect size of 0.4 at 90% power and 2-sided ␣ of 0.05, assuming 10% annual dropout. From the 350 women who were randomly assigned, 313 women in this analysis of cognitive outcomes allowed detection of treatment effect sizes of 0.32 at 80% power and 0.37 at 90% power (2-sided ␣ of 0.05). For individual cognitive tests, we adopted an ␣ level of 0.004 (0.05/14), with min-imum detectable treatment effect sizes of 0.44 (80% power) and 0.49 (90% power).
An intention-to-treat analysis was performed for all participants who completed cognitive assessments at baseline and at the end of the trial. Baseline characteristics were compared between treatment groups with independent-sample t tests for continuous variables and 2 tests for categorical variables. Planned data reduction was undertaken to reduce type 1 error. The specified primary cognitive endpoint compared between treatment groups was change from baseline on a global cognitive composite score calculated as an average of standardized scores for 14 neuropsychological tests, weighted by the inverse intertest correlation matrix. Test means and SDs for standardization used baseline test data for the entire sample. Because cognitive effects of neuroactive compounds might vary by cognitive domain, secondary analyses compared change scores for cognitive factors and individual neuropsychological tests. Cognitive factor scores were derived from raw test scores using principal component analysis with an orthogonal varimax rotation.
Analysis of covariance was used to test for treatment group differences on the weighted cognitive composite change score, adjusting for baseline composite score and carotid intima-media stratum. Secondary analyses of cognitive factors and individual tests were performed in the same manner. Subgroup secondary analyses used analysis of covariance to evaluate whether treatment effects on the cognitive composite change score differed by subgroup membership, with treatment as the class variable and adjustment for baseline values of the composite score and intima-media stratum. Effect modification was tested by adding subgroup ϫ treatment interaction terms. To evaluate whether ISPassociated equol production contributed to cognitive change, equol nonproducers, intermittent producers, and consistent producers were compared with the placebo group with analysis of covariance on the composite change score, controlling for baseline score and intima-media stratum. Data were analyzed using SAS 8.02 statistical software (SAS Institute Inc., Cary, NC).
RESULTS
Of 1,063 community volunteers screened for eligibility, 350 women were randomly assigned to a treatment group (175 ISP and 175 placebo); 313 women with both baseline and endpoint cognitive test data were included in intention-totreat analyses (figure 1). Treatment groups did not differ at baseline on demographic or clinical characteristics (table 1) or neuropsychological test performances (table e-1). Participants not contributing to this analysis (20 ISP and 16 placebo) did not significantly differ from other women on demographic or clinical variables or cognitive composite score. They performed less well at baseline on 4 individual neuropsychological tests (table e-1).
Adherence. Median (interquartile range) packet and bar adherence was 90% (80%-97%) for women receiving ISP and 89% (76%-96%) for women receiving placebo ( p ϭ 0.41, Wilcoxon rank sum test). ISP-treated women had significantly higher plasma and urinary isoflavone levels during the trial compared with placebo-treated women (table e-2). No participant reported on-trial use of soy or isoflavone supplements. (table 3) . There was a nonsignificant trend based on time since menopause ( p ϭ 0.07). Post hoc analyses suggested that women between 5 and 10 years postmenopause receiving ISP were more likely to show cognitive improvement than women within 5 years of menopause or more than 10 years after menopause. There was also a nonsignificant trend based on type of menopause ( p ϭ 0.06), with surgically menopausal women receiving ISP performing significantly worse on the cognitive composite than surgically menopausal women receiving placebo (mean standardized difference of Ϫ0.78; 95% CI Ϫ1.53 to Ϫ0.02); naturally menopausal women showed small changes in the opposite direction (mean standardized difference of 0.18, 95% CI Ϫ0.07 to 0.43). More than one-fifth of participants randomly assigned to ISP were consistent equol producers. Analyses comparing consistent equol producers with women receiving placebo suggested a Sensitivity analyses. Exclusion of one woman diagnosed with AD after study entry, a woman with a 2 SD drop in her East Boston Memory Test delayed recall score, and 2 women whose test scores appeared affected by limited English did not affect study results. Primary endpoint analyses were repeated for 277 women after exclusion of 36 women who withdrew from study treatment but returned for endpoint cognitive testing. Results were unaltered, except that allocation to ISP was no longer significantly negatively associated with global cognition among surgically menopausal women ( p ϭ 0.059). Exclusion of 76 participants who consumed less than 80% of assigned ISP or placebo product did not further change the significance of results for global cognition or subgroup analyses. DISCUSSION This 2.5-year trial showed that healthy postmenopausal women randomly allocated to receive daily 25-g ISP dietary supplements did not differ from women allocated to placebo on a composite change score of global cognition. Findings were similar for changes in 3 of 4 cognitive factors and individual test scores. The validity of these results is supported by the low rate of participant withdrawal and excellent on-trial adherence, assessed by product count and by isoflavone levels in plasma and urine. Putative cognitive effects of soy isoflavones are usually ascribed to the ability of these compounds to bind estrogen receptors 28 but could involve other properties. 29, 30 Genistein and daidzein bind with greater affinity to estrogen receptor-␤ than to estrogen receptor-␣. 28 Within the brain, estrogen receptor-␤ expression is relatively high in the hippocampus, 19, 20 suggesting that soy isoflavones might particularly benefit episodic memory. Poor performance on tests of episodic memory are associated with increased risk of AD. 31, 32 We found no ISP benefit for verbal episodic memory (list learning or logical memory) but noted better visual episodic memory (memory for faces). In other isoflavone trials, better picture recall has been reported for postmenopausal women 8 and better complex figure recall for older men and women, 33 but absence of effect on similar visual memory tests is also described. 9, 14 In a search that included PubMed and the Cochrane Central Register of Controlled Trials electronic databases (with search terms for isoflavone, soya, or tofu combined with memory or cognition, without restriction on publication date or language), we identified 9 randomized double-blind placebocontrolled trials in midlife or later-life women with objective cognitive endpoints. [7] [8] [9] [10] [11] [12] [13] [14] [15] The trials identified were of shorter duration than WISH with lower power to detect potential effects of study interventions. The ISP supplement in the WISH trial, which provides principal isoflavones in a soy proteinϪbased Asian diet, was similar in composition and dose to supplements in most trials. 7, 8, 10, 12, 14, 15 By far the longest prior trial was a 12-month study of Dutch women aged 60 -75 years; when compared with placebo, daily soy protein showed no significant effect on cognitive endpoints. 12 In WISH, the absence of significant ISP impact on global cognition confirms and extends this finding within a larger group of women receiving supplements for 2.5 years. In addition, the WISH trial included younger women closer to the time of menopause. Our findings fail to support the suggestion that soy isoflavones might provide particular cognitive benefit to younger postmenopausal women 6 ; ISP allocation did not significantly benefit global cognition among women younger than age 60 years or within 5 years of menopause. Several smaller trials reported better performance on tasks implicating aspects of executive functions. [7] [8] [9] We found no substantial effects of ISP on similar tests. However, different executive functions are not tightly correlated, 34, 35 and our neuro-psychological battery did not, for example, include a sequential planning task. 8, 9 Trial results generalize to healthy postmenopausal women. However, cognitive effects of soy isoflavones might differ for women of reproductive age and for men. Effects might also differ for producers of equol, a daidzein metabolite produced by intestinal flora in about one-third of the population. 36 Equol has selective affinity for estrogen receptor-␤ and has other biologic properties that might modify the effects of soy product consumption. 21 Among consistent equol producers who received ISP compared with women given placebo, we noted nonsignificant improvement in global cognition.
Effects of ISP on global cognition may differ after surgical menopause compared with natural menopause. Surgically menopausal women receiving ISP showed a significant decline in global cognition; women in the placebo group improved. The betweengroup difference was about three-fourths of a SD, but the inference of cognitive decline is tempered by the relatively few surgically menopausal women and the relatively large mean improvement (practice effect) shown by surgically menopausal women allocated to placebo.
The WISH trial was larger and longer than prior trials of soy isoflavones, but small cognitive effects could have been missed. Soybeans have biologically active constituents other than genistin, daidzin, and glycitin, 37, 38 which individually or in aggregate could modify the cognitive effects of isoflavones. Our trial did not assess phytoestrogens more abundant in nonsoy food products (e.g., flavones, coumestans, and lignans), and results cannot be generalized to these compounds. However, to the extent that other phytoestrogens involve similar estrogenic and nonestrogenic mechanisms, cognitive outcomes might be predicted to be similar.
Overall clinical trial results indicate that soy isoflavone consumption should not be pursued by postmenopausal women of any age with the goal of global cognitive benefit but that a high soy diet can be consumed without undue concern for adverse effects on memory skills associated with late-life dementia. Secondary analyses suggest that soy isoflavone consumption after surgical menopause is associated with worse global cognition, and this possibility merits further study, as does the possibility of improved global cognition in women who are consistent equol producers.
For healthy postmenopausal women, this clinical trial provides Class I evidence that ISP supplements in a daily dose of 25 g over a 2.5-year period do not improve global cognition (mean standardized difference 0.11, 95% CI Ϫ0.13 to 0.35, p ϭ 0.36). This trial provides Class II evidence for secondary outcomes where we had specific hypotheses. Long-term ISP supplementation improves one aspect of episodic memory (visual memory) but does not improve performance on tests assessing aspects of executive functions or global cognition among postmenopausal women younger than age 60 years or within 5 years of menopause. Because of small sample sizes, evidence is insufficient to support or refute cognitive benefit among consistent equol producers.
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